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ABSTHACf 

Ihe effect of boron on the relative interfacial tension of gaaa& 
iron in two commercial *teels ie studied by means of thermal etching 
techniques. In each case, boron effects a aeaaurable reduction in 
interfacial tenr<on, although the differences in the average groove 

tangles iseat— '*d do not appear to be statistically significant. The 
data indicate a positive temperature coefficient for adsorption of boron 
to the grain boundaries. In the range of 0.20 to 0,'K) percent, carbon 
has essentially no effect on the degree of reduction of the interfacial 
tension by boron. 
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Z  IBTBQDUCTIQI 

There are sufficient arguments and evidence • »3» to indicate 
r that boron should be adsorbed to existing austenite grain boundaries dar- 

ing the ftustenitising treatment. Accordingly, it ie possible that boron 
contributes to the hardenability of heat treatable steels by the reduction 

', of the interfacial energy of austenlta grain boundaries, at which sites 
5 are nucleated heterogeneously the decomposition products of austenite. 
K Such a reduction in interfacial energy would reduce the total energy that 

can be borrowed in these heterogeneous nucleation processes and thus re- 
tard the initiation of transforaatlon. 

This investigation was undertaken to attempt to determine the 
effect of boron on this interfacial tension in commercial steels.  It 
was realised that in the present state of knowledge, only relative values 
of the interfacial tension of gaana iron could be estimated. However, it 
is believed that such & study, despite it* deficiencies, is justified to 
determine If boron produces a measurable effect on the Interfacial tension 
and the relative magnitude of this effect, thus establishing whether or 
n«t 'boron is "surface active" in iron (l,e,t if boron is significantly 
adsorbed to grain boundaries). 

II  E2YI3S 0? FBE7I0US WGii* 

The mechanism of thermal etohing wan used in this investigation 
to allow the austenite grain boundaries to develop grooves, the angles 

-f formed being the equilibrium shape for each temperature used. Concerning 
£-': this mechanism, Shuttleworth^ helieves that atomic migration over the 
i£ surface of the metal is the principal factor leading to the formation of 

thermal etch patterns. Evaporation of atoms from the surface is another 
j&, contributing cause, more Important at high temperatures than at low, but 

{(he activation energy for an atom to evaporate is much greaier tian that 
'til repaired for an atom to migrate over the surface. The presence of an 

Inert gas surrounding the sasple may assist the formation of boundary grooves 
i-i and other markings, as the evaporating atoms are reflected beck by the gas 
'£• molecules. This process of evaporation and condensation would lead eventu- 
;§; ally to the same surface configuration as that produced by atomic migration. 
j£i In a vacuum, the absence of gas molecules would prevent condensation of 
£ evaporated atoms; the resulting process would be a. stripping of atomic lay- 
•£, ers, which of itself would not produce boundary grooves. 

§t Olney" believes, however, that in the early stages of thermal etch- 
|| Ing, the loss of atoms by evaporation may well be greater at the boundaries, 
m i.e., at points initially of high energy than at the exposed grain surfaces0 
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Under these conditions, not until the equilibrium surface b&s formed will 
the stripping of atonic laysrs take place unlforaugr orer the aetal sur- 
face. 

Begardless of the aechanlsa, Shnttlevorth? and Greeaocgh and Zixjc? 
regarded the phenomena of there*! etching as aa adjustment of a surface 
to ainiaua free energy. If «e heat etoh a aetal sample, we would find 
the following surface configuration: 

SA "> free energy of Surface A 

IJJ « free energy of Surface B 

*AB* *T*m  •n«rg3r «* interface 

' 

The relationship between interfacial energies and respective angles Is 
given ay 

-^- =      -&-    =  _>&£ (!) 
S//)oC frh/S S/hf 

It  the aesuaption is and* that the free energy of a grain surface is inde- 
pendent of the orientation, then equation (l) reduces to 

If equation (2) is applied to an fturtenitic region, then 

r £/htesfo'Ja/ -   2^   COS I (3) 
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If the value of lj#, the surface tension of gamma iron, is knew* or can 
bo calculated, ther. the iaterfaeial energy can bo calculated by deteraia- 
iag the value of tho equilibrias austenite groove angles formed by thermal 
cteking. 

la seeking a practical method for determining the aastenitic gr aia 
booadnry groove eagles, the aethods of aicrotopocraphy described by 
Chalmers® were investigated. It vae thought that this aothod could not 
be accurately adapted to tale work, since the groove aaglee were eo eaall 
and the aeooeeary equlpaeat was not immediately available. 

Suttner, Udin, and Wulff^ found the absolute iaterfacial energy of 
«old by heat etching fine wire* and azaaiaiag the groove angles f erased by 
a goniometer attachment to a metallurgical microscope. Considerable error 
was found in determining the positions of the light spot traversing the 
heat etohed groove. This aethed was aot considered to have sufficient 
accuracy for it was thought that the differences in the groove angles for 
the steels used would be ss&ll. Also, this method requires the use of 
wires while only cylindrical samples were available in this investigation, 
H#es*° states that at the present time some method of optical measurement 
of the groove angioe is the most applicable. This includes liquid-salid 
configurations, interfaces and viewing of nearly 120* junctions cf grain 
boundaries. 

In the work of Oreenough and Xing' on the grata boundary energy of 
silver, thy/ used a method of measuring the groove angles coneisting of 
plating pure silver on the beat etched eurface and sectioning normal to 
th,** surface to obtain the shape of the groove; the angle was measured by 
mechanical means or from photomicrographs. They also used a revolving 
stage en a microscope with a small light beam, similar to the apparatus 
used by Buttner, Udin, end Wulff.9 After Investigating a aethod of plating 
the steel samples, the aethod of nickel plating and sectioning normal to 
the heat etched surface was chosen as the one meat suited to this problem. 
Also, Bailey and latkinsll thermally etched polycrystalliae specimens of 
copper in various atmospheres at two different temperatures. They then 
prepared aetallographlc sections normal to the etched surface and, essuaing 
that the groove angj.e vae constant for any given condition of thermal etch- 
ing, found a value for this angle by aeasuring a selection of the saalleet 
groove angles seen in the flection. They found that the angles ware smaller 
at the lower temperatures, which is to be expected. 

Dunn and Lionetti-- dvteralnsd the effect of orientation on grain 
boundary energies by growing crystals of silicon ferrite, with 3.5 percent 
silicon, of different orientations forming almost a 120 degree Junction. 
Th»y found that a difference in orientation of 30 degrees and below showed 
m  «MM|I drop in the relative surface tensions. This is to be expected to 
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a certain extent, since at tsro orientation difference the grain boundary 
would disappear. Also, Aust and Chalmersl3 found that in tin the energy 
of the crystal bowndary wae not independent of the orientation of the 
neighboring crystals. Thin was true for orientation differences of 6 de- 
grees and belew. Above this value, the energy was essentially the same 
for varying orientations. This work was done on seed crystals of varying 
orientations and the angles were Measured at grain Junctions. Dunn, 
Daniels, and Bel ton^ in determining the effect of orientation on the rel- 
ative grain boundary energies in silicon iron, found results similar to 
the work done previously by Duns and Llonetti.12 They found that thsre wae 
a rapid rise la grain boundary energies up to orientation differences of 
30 degrees. 

iksfuye and Smith-*--' measured dihedral angles between joining grains 
in aluminum and copper alloys by allowing tin rich liquid layers to form 
at grain Junctions. After annealing, they Measured the dihedral angle 
formed by the tin by using a micrometer eyepiece mounted on a metallograph. 
The distributions of the dihedral angles were determined for various amounts 
of cold work and annealing tine. Using these values, they found relative 
interfacial energies for changes in temperature and composition. The shape 
of the distribution plots wae not too different from distribution plots 
found in this investigation. 

Seers*" developed & method from which he determined the absolute 
interfacial energy for oopper. He polished one end of a cylinder of OFHC 
copper, placed it in a furnace, and covered the polished end with lead dust. 
After heating 8 hours at 800 degrees C, the cylindrical samples were cooled, 
copper plated, sectioned, and polished normal to the lead surface. The 
dihedral angles were calculated from the lengths and thicknesses of the 
lenticular lead drops, binding the values of these angles consistent, he 
determined the abeolute interfacial free energy for copper-copi.^r. 

:< 

The publication, "Imperfections in Nearly Perfect Crystals,"*? groups 
together methods of evaluating surface and interfacial tensions, These 
methods consist of measuring angles formed by grain Junctions, interfaces 
between solid and liquid metals or compounds, and those angle* foraed by 
thermally etched grain boundary grooves. Bach has advantages over the 
other, depending on the materials being studied. Tan Vlack1^ jaeasured the 
energy of the Interface between two immiscible liquids, copper and copper 
sulf ide, by the capillary method, then equilibrated this surface with gamma 
iron and ultimately determined the grain boundary energy. The calculated 
T»lue of the interfacial tension fcr g*—* iron was 850 dynes per centi- 
meter. This value will be used later in calculating the relative surface 
tension of gamma iron, as suggested by Smith.*9 

XII  23PHBUS¥?AL PROCIDQRX 

The thermal etching of specimens was conducted in a vaow* furnace 
designed to operate up to 1900°* at pressures of 10**6 am of sercury or 

WADC TR 5*-150 k 



lea*. The vacuum was adequate to prevent any discernible oxidation of 
the steel specimen*. Teap*r&»ures were measured by means of a platiaun- 
platimua, \yjL rhodium thermocouple. 

i 

After thermal etching at the desired temperature aad tiac aad oool- 
inc in msiem tu *c=s temperature, the etched surface of the epeclmen vat 
nickel plated to preserve the grain boundary grooves daring the metallo- 
graphio sectioning of the apeolmen necessary in aeaeuring groove angles. 
The electroplating bath consists of nickel sulphate, 680 graas/gal; ammen- 
lua chloride, 93 graas/gal; boric acid, 113 graas/gal. The operating 
condition of the plating prooese ere the following! current density, 
30 aaps/ss. ft; teaperature, 50-60°C; pi of 5.6 to 5.9. Hydrogen peroxide 
was used as a we*tiag agent for the saaple. An alkaline oleaning solu- 
tion was used, eeapeeed of 30 grans of sodiua carbonate, 15 grass of 
trl-sodium phosphate and 7.5 graaa of sodiua hydroxide in one liter of 
water, A typloal nickel plated grain boundary groove ie llluatrated in 
figure 1. 

figure 1. Typloal Grain Boundary Groove Produced 
by Thereal itching. 150(51 - Sltal 5ton 

The nickel-plated speciaens were aounted in hakellte so that the 
plated, heat-etohed surface was perpendicular to the anvil of the ac nting 
press. Tons, when the mounted saaple was polished, the polished surface 
was perpendicular to the surface previously heat etched. These aounted 
epeoimene were pollened by aiaadard notallsgmphic techniques es-d etched 
in thr?e percent altal. After examining the surface, the npeclmen wae 
r»pc£tsdly *?tmn± aad polished to expose aany grain boundary grooves for 

its. 

A aagnifloation of 15001 wae used in ssaauriag the angle foraed by 
the grain boundary grooves. A filar eyepiece was used to aeaeure both the 
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width and depth; the angle vaa then calculated by trigonometric relations. 
To minimise errors of the instrument and those due to the eye, fire values 
of the width and depth were taken and averaged to give the value of the 
width and depth for each groove aeaeured. One hundred grooves were meas- 
ured for each saaple to give a distribution of the angles and give a good 
estimate of the average value of the groove angle for each saaple. 

In this investigation, two sets of steels were used to obtain the 
requisite data, fhe matching steels weze produced by splitting the heat, 
i.e., the baee steel was divided and boron was added to half the heat in 
the fora of Grainai So. 79- The steels and their compositions, supplied 
by The Republic Steel Corporation, are listed in Table I. 

TABLS I 

Tywe C 

0.396 
0.395 
0.198 
0.200 

Steel Compositions 

Mn          P             S          Si pi 

0.5* 
0.5* 
0.26 
0.26 

o.*7 
o.*s 
0>1 
0.*1 

Me 

0.25 
0.25 
0.11 
0.11 

B 

AISI 87*0 
AISI 87B*Q 
AISI TS 8117 
•ISI TS 81B17 

0.88    0.015    0.019    0.31 
0,89   0.015   0.019   0.31 
0.81    0.018    0.029    0.23 
0.81    0.018    0.029    0.23 

O.OC 
0.0013 
0.00 
0.0011 

It was found that at a taaperature of 1830*7, 8 hours were required 
to produce an equilibrated surface; heat etching at temperatures of 1600"F 
and 1650*' required 24 hours to produce the desired equilibrated surface. 
The AISI 875*0 and AISI 87*0 steels ««?• haat etchsd at both I83O0 and 
l6C0*F; the AISI TS 811? and AISI TS 81317 stasis were heat etched at l650aF, 
the recommended aastenitising temperature. The samples employed were discs 
3/* inch in diameter and 3/* inch thick. One end of the specimen was tapped 
to fit the sample holder of the furnace. The other end of the disc was 
carefully polished prior to thermal etching. . 

17  XXPSROONTAL BJCSOLTS 

Figure 2 is a bar graph of frequency of occurrence versus groove 
angle in degrees, showing the distribution of the groove angles for boron 
steel AISI 87B40 heat etched at 1830*F. The a*an valus of the groove angle 
is shown to be 1*7.13°. 

The bar graph of Figure 3 shows the distribution of groove angles 
for boron-free steel AISI 87*0, also heat etched at 1830*1. The mean value 
of the groove angle is showa to be 1*5.93°. Comparing Figures 2 and 3, we 
see that the mean austenitlc groove angle for the boron steel is 1.2* great- 
er than the mean groove angle for the boron-free steel. 
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figure if la a bar graph showing the distribution of groove angles 
for boron stssl AISI 87B40 heat otohod at l600*F. The aeaa rains of the 
angle it indioatsd as 144.20*. Ihs bar graph in Figure 5 shows ths distri- 
bation of groove angles for boron-free stssl AISI 8740 also heat etched 
At 1600° F. fft* mean value is shown to be 143.49°. Comparing the graphs 
of Figures 4 and 5, we sss that the aeon anstenitie grain boundary groove 
angle of ths boron steel is 0.71° greater than the aeaa groove angle for 
the boron-free stssl. 

figure 6 in a bar graph indicating the dietribution of austenitio 
groowe angles for boron steel AISI fs 81517 heat etched at 1650*7. A aoan 
Talue for the groovs angle in shown to be 144.28°. The bar graph of 
Figure ? shows ths distribution of groove angles for boron-free steel 
AISI T8 8117 heat etched at I6500?  The aeaa value for the groove angle 
is shewn to be 143.42**. Cosp&riag ths distribution plots of boron and 
boron-free steels of figures 6 and 7, we see that the aoan grogve angle 
of boron eteel is 0.06* greater than the aeaa angle for boron-fre«> »teal. 

To determine ths statistical signific^ao* of ths differences ob- 
served for the groove angles of the boron and boron-free steels, the 
standard deviation, 0*, wae calculated by using the expression 

<r = \l £*;* Z P1 w V w   - * 
where U   is the standard deviation, X^ is the individual values of the 
angles, V is the total number of angles measured, and X is the aeaa value 
for the groove angle. Also, in comparing boron and boron-free steels, we 
need to know tf'jj, the standard deviation of the difference of means. Qi 
was calculated by the expression 

I 0* = \/ -^ + ±SSf (5) 

where £) j is the standard deviation for boron stsel, Kg the total angles 
measured for the boron steel, and LT'TU? and I3J are tho similar values for 
the boron-free steel. The values of those sigmas and the differeno* of 
the means for boron_and boron-free stasis treated similarly are tabulated 
in Table II, where Ij and Xgj are the mean values of tha groove angles for 
tbs boron and boron-free steels respectively. 
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TA8L1 II 

Temperature 
«f 

MMB 
Groove 

Steel Heat Itching 

i83o°r 
1830°? 

Angle 

147.13° 
145.93° 

0' 
AISI  87B40 
AI8I 8740 

4.349 
5.3-46 

AISI 87B40 
AISI 8740 

1600°* 
1600°? 

144.20° 
143.49° 

4.765 
3.184 

AISI TS 81BI? 
AISI TS 8117 

i65o«r 
1650°! 

144.28° 
143.42° 

2.770 
3.274 

T      DISCUSSIOI 

<Tp  3 cfp h -*BT 

0.689 2.067 1.20 

0.573 1.719 0.71 

0.427 1.281 0.86 

It 1* appropriate now to disc«=» the saapiing problem in measuring 
the groove angles of the ctssle studied.  If ve section through a cylin- 
drical sample of a polycrystalline netal to view dihedral angles, ve hare 
the possibility of (1) rotation of the angles about an axis through the 
saaple aoraal to the top surface and (2) rotation of the angles about an 
axis perpendicular to the axis of the saaple, i.e.. parallel to the top 
surface.  It is inherent in forming the groove angles, by heat etching 
the top surface, not to hare rotation of type (2) above. Grooves are foraed 
only by those grain boundaries In the plane of the top surface and any 
curvature of the grain beneath ius  surface will not affect the shape of the 
groove.  (A typical depth of * groove is less than a micron, compared to a 
typical grain circumference of 150 microns.) thus, in forming the grooves, 
type (2) rotation is •llmins.ted. By sectioning normal to the heat etched 
surface, ihin  type of rotation is not Introduced into the results of groove 
angle measurements. If both types of rotation were present, we would ex- 
pact a spread of C° to 180° for the groove angles, Sinoe the results show 
a total spread of 24*, which ie considerably less than a 0° to 180° spread, 
it is evident that we faeve only type (l) rotation in the sampling problem. 

By polishing the saaples on the side, we obtain a plane of view 
containing the shape of the grooves at the steel-nickel interface. This 
arbitrary trace can intersect the grooves at position* ether than normal, 
which world not give the true angle. Steps were taken to minimise the 
error in sectioning by (l) measuring only those grooves whose angles had 
the smallest values (a range of angles of true to 180° it possible by such 
sectioning; wide, shallow grooves were not measured), (2) measuring only 
those grooves which were completely symmstx ical..  Ideally, a perpendicular 
section of the groove it desired: otherwise, the angle would be enlarged. 
Thu<* we see that the typical 24-degree opread contains both varying values 
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of the groove angle itself and the spread of properly sectioning the 
groove for neasureaent of the angle. Also the fact that aaall orienta- 
tion difference* mffeot the value of the interfacial tension 1* not 

t eonsidered to he of great importance. Froa equation (3), if she inter- 
facial energy wae greatly reduced, the groove angle would be quite large; 
large angles were net contained in those measured. Tor these reasons 
plus the fact that wtdfch and depth aeasuraaents were aTeraged for each 

«?•. angle, the accuracy of the *?srk is considered tc bs adequate. Bistribu- 
•iss plots obtained compare favorably in shape with those found for gold 
by Buitaer, TJdin, and ¥ulff.9 

As suggested by Saith,1^ for the sake of having nuaerlcal values 
to compare, the value for the surface tension of gaasa iron was calcu** 
lated by substituting Tan Hack's1** value of 850 dynes per centiaeter 
for the interfaoial tension of gaaaa iron and the value of the experiment- 
ally deteraimed groove angles in equation (3). It is realised that this 
value will not be the true value, for the iron used for the 850 dynes per 
ca value was saturated with copper and copper saifide, and also we assume 
that the surface tension doew not change with varying orientation of ad- 
joining grains and that boron has no effect on the surface tension.* 
However, the calculated value of 1544 dynes per ea for the surface tension 
of gaaaa iron will allow relative comparisons to be aade between boron 
and boron-free steels. 

Substituting the calculated value of Xs and the aean groove angles 
in equation (3), the calculations of Xj^t *JMi *** percent reduction of 

*). *int V boron in steels siailarly treated are shown in Table III on the 
tr?-*' following page. 

• Ye notice froa Table II, for all the steels investigated, thai the 
Jpv difference in the aeans of the groove angles is not statistically signifi- 
7 caat, i.e., it is possible that the difference could be due to chance 
l \ variation only. However, the differences of aeaas are not considerably 

less than 3(TB, and considering the consistency of the data obtained, the 

Since the normal boron adsorption effect in austenit* appear' to 
be a solid solution effect, it !• reasonable to assuae that the degree 
of adsorption at a given teaperaiure is 15.ai.ied by the boron solubility 
at that temperature. With this saao limitation on both interfacial bound- 
aries and free surfaces, it would appear that the effect percentage-vis* 
ie greater on the interfacial tension than on surface tension and the 
effects aeasured are likely a reflection of decrease of interfacial ten- 
sion relative to the surface tension. It is szpected that both values 
are influenced by the presence of boron. 
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TABLX III 

Steal 
Teaperature of 
Heat Etching 

1830°? 
1830»I 

Mean Groove 
Angle 

873.3 
904.5 

i> Reluct ion 

AISI GTB^C 
AISI 8740 

147.13° 
145.93° 

3.5 

AISI 87B4Q 
AISI 8740 

1600*/ 
l600°J 

144.20* 
143.49° 

949.3 
9*6.9 

1.9 

AISI TS 81B1? 
AISI TS 8117 

1650»T 
1650°? 

144.28° 
143.42* 

947.1 
969.0 2.3 

*Bstinated value* 

significance of the differences of aeans night be considered borderline, 
froa the estiaations of interfacial tensions, listed in Table III, the 
redaction of the interfacial tension by boron is tunail, about 2 percent 
for noraal anstenltising teaperatures. The significance of this snail 
reduction of interfacial tension is uncertain. An estiaate at  the si£- 
nifieaaee of such a reduction in interfacial energy is aade difficult by 
lack of the absolute gaaaa-alpha interfacial tersion, shape factor of 
the nucleus and the correct strain energy tera to be used. The overall 
effect would be to increase slightly the tera involving the work sf au- 
eleatlon, which appears in the probability factor in the classical expres- 
sion for rate of nucleation. This tera in general is aainly influenced 
by the temperature, giving increasing probability of nucleus foraation 
with decreasing teaperature. Qualitatively, this reduction in interfacial 
tension does not appear to be sufficient to affect significantly the 
kinetics of nu»l*a»lw&. Ssfeevs?, If \ht  work of nucleation is reduced 
to a considerable extent by the pre-existing gaaaa interface, this effect 
alght be significant. 

Since the reduction of interfacial tension was measured at concen- 
trations of one boron atoa in 20,000 iron atoas, it does not seea logical 
that such low concentrations #t the grain boundaries could cause a aoaeur- 
able effect. It is aore logical that this reduction is caused by boron 
being adsorbed at the austenite grain boundaries. The aaount of boron 
adsorbed should be Halted by the solubility of boron at the teaperature 
used. The concentrations of borcn can thus be increased to one boron atoa 
in 6000 iron atoas at the noraal austenitising teaperature. Thus, it seeuus 
that only by positive adsorption of boron in gaaaa iron can boron concen- 
trations be increased to a value that is responsible for the measurable 
reduction in the interfacial tension. 

sty  comparing the steels axox o/im) ana AISI oy<to with the AISI TS 
81B17 and AISI TS £117 steels, treated at their noraal austenitising 
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temperatures, the result* indicate that carbon composition bat little 
effect on the reduction of **e iaterfacial tension of austenite by beron. 
The slight increase in the difference of the means of the 0.20 peroent 
carbon steels over the 0>0 percent carbon steels is not significant, and 
may be due to increased adsorption of boron at the (rain boundaries be- 
cause of the slightly higher temperature used in heat etching. 

Interesting consequences are found when rerievlng the results 
obtained. The data shew the* the interfacial t*n«ie« of aaatenitia grain 
boundaries is greater at lower teaperatures, indicated by smaller values 
found for the grooTe angles at the lower teaperatures. This is considered 
to be in agreement with previous thoughts on boundary energies, i.e., the 
interfacial energy is lower at higher temperatures and theoretically re- 
oLuces to sero »* ^c* uiwtwu £*-*>.«.•**. 

After accepting the fact that positITS adsorption of boron in gamma 
iron appears to be responsible for the measurable reduction in interfacial 
tension, we are conoerned with the teaperature coefficient of adsorption. 
A positive coefficient would indicate increased adsorption with increasing 
temperaturei a negative coefficient would Indlwtte decreased sdssyption 
with increasing teaperature. The results of this investigation indicate 
that the teaperature coefficient of adsorption for boron in gaass. iron is 
positive. This is exemplified by the fact that differences in the groove 
angles of boron and boron-free steels at the lower teaperatures used are 
approximately one-half the differences in the angles at the higher teapera- 
tures. These results are of interest in the work now being done by ethers 
to determine the nature of adsorption of boron in austonlte. 

11      C0HCLUSX0KS 

Froa the results of this investigation, and the procedures used, 
the following specific conclusions are reached: 

(1) The method of heat etohing, plating, and sectioning noraal to 
the plated surface to measure groove angles formed is a satisfactory one 
in determining the interfacial tension of grain boundaries. proTldad a 
value for the surface tension cf the solid is known. 

(2) ¥hlle ihe differences of the ss&& groove angles for boron mnA 
boron-free steele are not statistically significant, the values ef (Xg - XJJJ) 
and 3up »?« clo«« enough tc indicate the possibility of a slight decrease 
in the interfacial tension of austonlte by boron additions to steels. 

3) Since the boron concentrations are so low, the fact that we can 
I measure a reduction in the interfacial tension is explained bj boron show- 

ing positive adsorption in gamma iron; the experimental reeults indicate 
that the temperature coefficient of adsorption for boron in gamma iron is 
positive. 
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(k\    9hm  oar^oa content, in the range of 0.20 to O.kQ  per oeat, 
h»» eesentlaUy no ^ff,ct on the *•**••• °f ruction of the i«terf»ol*l 
teneion of I«I ir»* + boroR- 

I 
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